ABSTRACT: BACKGROUND: Overuse of health care resources has been identified as the leading contributor to waste in the US health care system. OBJECTIVE: To explore health care system factors associated with regional variation in systemic overuse of health care resources as measured by the Johns Hopkins Overuse Index (JHOI) which aggregates systemic overuse of 20 health care services. DESIGN: Using Medicare fee-for-service claims data from beneficiaries age 65 or over in 2008, we calculated the JHOI for the 306 hospital referral regions in the United States. We used ordinary least squares regression and multilevel models to estimate the association of JHOI scores and characteristics of regional health care delivery systems listed in the Area Health Resource File and Dartmouth Atlas. KEY RESULTS: Regions with a higher density of primary care physicians had lower JHOI scores, indicating less systemic overuse (P < 0.001). Regional characteristics associated with higher JHOI scores, indicating more systemic overuse, included number per 1000 residents of acute care hospital beds (P = 0.002) and of hospital-based anesthesiologists, pathologists, and radiologists (P = 0.02). CONCLUSIONS: Regional variations in health care resources including the clinician workforce are associated with the intensity of systemic overuse of health care. The role of primary care doctors in reducing health care overuse deserves further attention.
INTRODUCTION
Health care spending in the United States (US) accounts for roughly 17% of the country's gross domestic product. 1 While US per capita health care spending is more than twice than that of other major industrialized countries, the US health care system fails to achieve health outcomes that are comparable to other developed nations. [2] [3] [4] Additionally, health care spending in the US does not positively correlate with indicators of quality such as patient satisfaction or access. [5] [6] [7] [8] [9] [10] [11] Recognizing this, diverse stakeholders have prioritized the identification and elimination of health care waste in order to reduce health care costs and improve patient outcomes and overall population health. [12] [13] [14] [15] Overuse is the provision of care where the potential for harm exceeds the potential for benefit [16] [17] [18] and has been identified as the most significant contributor to the high cost of health care. Importantly, the overuse of medical services not only has an opportunity cost through the misallocation of resources, but it physically and psychologically harms patients. In the Medicare population, 14-25% of beneficiaries receive at least one low-value service per year. [19] [20] [21] It has been proposed that our health care system should adopt a value-driven strategy to identify and eliminate overuse of services. Recent advances in the measurement of overuse have laid the necessary groundwork for identifying the factors that are associated with this phenomenon. 22 We previously identified 20 clinically diverse claims-based measures of overuse including 13 diagnostic tests, 2 tests for screening, 1 test for monitoring, and 4 therapeutic procedures and aggregated them into an index to measure systemic overuse, which we consider to be a general tendency of an organization or region to overuse medical services (Appendix).
METHODS

Data Sources
We used a 5% sample of fee-for-service patients insured by Medicare in 2008 taking data from the Denominator, MedPAR, Carrier, and Outpatient files. We limited our cohort to beneficiaries that had 12 months of complete enrollment in Medicare Part A and Medicare Part B or death during 2008, were at least 65 years old, and were never enrolled in a Medicare Health Maintenance Organization during that year. We used residential ZIP codes to assign each beneficiary to one of 306 hospital referral regions (HRR) as defined in the Dartmouth Atlas of Health Care. 25 
Systemic Overuse Measurement
For each of the 306 HRRs, we calculated the Johns Hopkins Overuse Index (JHOI) which uses 20 clinical services to capture the latent tendency of a region or system to overuse health care resources. 24 These 20 services were chosen because they could be operationalized using a single year of claims data and each one is overused with sufficient frequency and variance to contribute valuable information to the index. 20, 23 We used a combination of International Classification of Diseases, Ninth Revision (ICD-9), and current procedural terminology (CPT) codes from 12 months of claims to identify likely overuse events with consideration of patient demographic and clinical characteristics including age, sex, and current diagnoses.
Predictor Variables
HRR-level characteristics included medical market characteristics as well as demographic and population data taken from the Dartmouth Atlas and the 2006 Area Health Resource File (AHRF) from the Health Resources and Services Administration. 25, 26 Regional economic well-being was assessed based on the count of Medicaid eligible persons. We measured the supply of regional health resources per 1000 residents, including the number of acute care hospital beds, primary care physicians (i.e., physicians in family practice, general internal medicine, and pediatrics), medical specialists, hospital-based specialists (i.e., anesthesiologists, pathologists, and radiologists), and surgeons. Medical specialists include all physicians who are not primary care physicians, hospital-based specialists, or surgeons.
Statistical Analysis
We used ordinary least squares regression and multilevel models to estimate the association of the HRR-level characteristics with the JHOI (i.e., overuse resources ). We clustered the HRRs by the nine census regions. A Hausman test was performed to determine whether a region-level fixed effect or subject-specific random effect (i.e., random intercept) model was more appropriate. We used lagged covariates (i.e., AHRF data from 2006) to avert reverse causation, a situation in which overuse could have induced an increase in the supply of resources. Because the JHOI accounts for population demographic characteristics (i.e., age, gender, and race) and patient case-mix using Adjusted Clinical Groups (ACG), we did not risk-adjust this analysis. We conducted three sensitivity analyses to determine whether our results were robust to alternative specifications; accounting for the economic wellbeing of a region, excluding extremely overusing areas, and selecting different structural characteristics.
We then explored the extent to which the relationship between the supply of health care resources and systemic overuse is associated with two downstream outcomes: spending and mortality. First, a multilevel model was used to estimate the association between the JHOI and the average medical cost per Medicare beneficiary per year in each HRR and each HRR's overall 30-day post-discharge mortality rate. Total medical costs for each HRR included reimbursements from Medicare and any primary insurer and patient out-of-pocket payments for all inpatient and outpatient services. We obtained 30-day post-discharge mortality rates for each HRR from the Denominator and MedPAR files. Next, we estimated the effect of the supply of health care resources on health care costs:
and the effect of the supply of health care resources on mortality:
where Δoveruse Δresources is the coefficient associated with the structural indicators from the previous model.
Statistical analyses were performed using SAS and Stata software. The preparation of the JHOI was approved by the Johns Hopkins School of Medicine Institutional Review Board.
Data Availability. The SAS code used to generate the Johns Hopkins Overuse Index is available upon request to the authors.
RESULTS
The 2008 Medicare sample included information about 551,028 men and 900,114 women after removal of 8391 individuals with ZIP codes that could not be matched to an HRR. Sample demographics were generally similar to the characteristics of the overall Medicare population (Table 1) . On average, each HRR had 2.5 acute care hospital beds, 0.70 primary care physicians, 0.41 medical specialists, 0.24 hospital-based specialists, and 0.41 surgeons per 1000 residents, but this varied greatly between regions (Table 1) . For example, the number of hospital beds per 1000 residents ranged from 1.44 in Everett, WA, to 4.71 in Monroe, LA, and the number of primary care physicians per 1000 residents ranged from 0.44 in Odessa, TX, to 1.17 in San Francisco, CA.
Given that the index is normalized, across the 306 HRRs, the JHOI had an average of 0.00 and a standard deviation of 1.00 points. The lowest value of the JHOI was − 2.07 in Tuscaloosa, AL, and the highest was 4.35 in Palm Springs/Rancho Mira, CA ( Table 1) .
The supply of regional health care resources was associated with systemic overuse in the Medicare population ( Table 2) . The random effects model suggested that each additional acute care hospital bed per 1000 residents in an HRR was correlated with a 0.31-point increase in JHOI (p = 0.002); one additional hospital-based specialist per 1000 residents was correlated with a 5.9-point increase in JHOI (p = 0.022); and one additional primary care physician per 1000 residents was correlated with a 3.8-point decrease in JHOI (p < 0.001) (Fig. 1) . The Ramsey RESET test indicated no misspecification in the functional form of the model (p = 0.511) and a Hausman test supported the use of a random effects model due to improved efficiency (p = 0.997). Accounting for unobserved region-level characteristics in the fixed effect model did not change the correlation between structural indicators and JHOI. These results were robust to sensitivity analyses that accounted for the economic well-being of a region, that excluded extremely overusing areas, and that included alternative structural factors in the model.
We estimated that a one-unit increase in the JHOI was associated with $169 (SE $69) increase in total medical cost per Medicare beneficiary per year. Therefore, we estimate that every additional hospital bed per 1000 residents in an HRR is associated with an increase in annual total medical costs by The fraction of variance due to the random intercept All covariates included in the model are presented in the table. BHospital-based specialists^includes anesthesiologists, pathologists, and radiologists Regions (β = − 3.75, P < .001), using a random effects regression model clustered by census region to control for hospital beds, medical specialists, hospital-based specialists and surgeons per 1000 residents.
DISCUSSION
Our analyses of Medicare data from 2008 support that the structural supply of regional health care resources is associated with systemic overuse. Specifically, the strong association between the supply of acute care hospital beds and hospitalbased specialists suggests that these resources may induce systemic overuse while the supply of primary care physicians might have a protective effect. We hypothesize that these associations reflect differences in practice styles and the overarching Bculture of overuse^in each region. The density of surgeons did not strongly impact systemic overuse. While there is mixed evidence to suggest that provider organizations and regions with a higher proportion of primary care physicians have lower spending and better use of certain preventive services, our study advances this literature by focusing specifically on overuse. 27, 28 Given the estimate that workforce characteristics explain 42% of the state-level variation in Medicare spending per beneficiary, it is valuable to decompose this spending into more specific components. 29 Our analysis also complements a previously published exploratory analysis, which found that a higher HRR-level ratio of specialists to primary care physicians was associated with greater use of 11 low-value services. 21 In light of the argument that efforts to reduce health care costs are unlikely to be successful without scaling back health care employment growth, this research suggests that such a policy would need to target certain types of providers more than others. 30 Methodologically, this study makes two contributions. First, while prior studies of overuse have tended to focus on a single service or procedure, this study utilized an index to capture the general tendency of an organization or region to overuse medical services. This approach allowed us to study overuse as a system-wide phenomenon and to draw conclusions about regional health services use as a whole. Second, our measure applies algorithms to detect the individuals that actually received a clinical service that was an overuse event. Previous research that relies on variation in rates of utilization may be distorted by widespread underuse or overuse, or by regional differences in patient or clinician practice preferences. 15, 31, 32 Given the sensitivity of the JHOI, it can be used to estimate how changes in systemic overuse among the 55 million people enrolled in Medicare might influence total spending. For instance, a one-unit decrease in the JHOI within each HRR could equate to $9.3 billion in Medicare savings. Furthermore, a net savings of $24.2 billion might be achieved by investing $10.7 billion to increase the supply of primary care providers by 1 per 1000 beneficiaries.
There are several limitations of this study. First, we used a 5% sample of Medicare claims to generate the JHOI, and therefore only included measures applicable to the elderly population. While our measurement of systemic overuse focused on the Medicare population, it is important to note that the health care resources that are attributed to a geographic region are based on the entire population. Second, our data is approximately 10-12 years old. In the last decade, Medicare has undergone substantial changes including the growth of Medicare Advantage and the introduction of numerous payfor-performance and value-based programs. 33, 34 However, overuse is an enduring problem that occurs across insurance types and settings-even initiatives such as Accountable Care Organizations have not meaningfully reduced overuse. 5, [35] [36] [37] This suggests that our results are relevant to current health policy conversations. In terms of data, future research should explicitly study the pervasiveness of systemic overuse over time and utilize other sources of claims data to study a younger US population. Third, to combat the issue of reverse causation, we used lagged covariates but future research could improve upon this by using multiple years of data to construct a panel. Fourth, studies may also use smaller units of observation (e.g., county-level) to increase sample size and improve the precision of estimation. It is also worth noting that beneficiaries were assigned to a HRR based on their home ZIP codes, rather than where they may have actually received care.
We recognize that the factors that are associated with systemic overuse may also be associated with some measures of highvalue care. Therefore, combining measures of overuse with measures of underuse may be important when evaluating the effect of programs that intend to achieve more cost-effective, high-value care. By including multiple structural indicators in the model and testing them concurrently, we did our best to reduce bias in the estimates that might be due to strong correlations between the indicators.
In conclusion, our results indicate that the supply of regional health care resources are associated with the intensity of systemic overuse. This study also supports increased attention to primary care as a strategy to lower per capita costs and improve health.
